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ROTARY-TYPE RECOVERY CYSTEMS

by Char'es E. Libbey

The Langley Reseaich Center has tested, cr is currently testing,
several types of rotary devi.ces with applications for recovery systems.
The first s'ide is a chari of these s/sicms showing the areas where data
are oresently availahle and tLé areas vhere research is still required.
(Slids.) |

The vortex ring rarachute resembles 1 Maltese cross when viewed
from above. Deploymert, stability, and performance tests have been ccm-
nleted. A report contaianing *this data is in the review stage now an:
wilil be available soon. Thic system is not intendsd to glide, however
as for most parachutes, it can be forceu to produce a srall amount of
L/D.

The flexable rotary wing consists of strong cables 3t the leading

and trailiig edges with parachute type material str:iched between them. -

A weight at the :ip prov'des centrifugzl force to miintcin all components
in tension while rotatinu. Some preliminary deploymnent tests have been
condQCted using a b bladed & foor diameter model. The cloth rotor biades
were attached to a 32 inch dianeter vortex ring parachuté which wee uscd

to previde the initial rotation for the systzm. After the deplbyments, the
rate cf rotation incressed, indicating that the blides were autorotating
and were nct being driven by the rotatiny parachut:. Performance data have
been obtaines for a - hladed 4 fuot diameter rotor, most of it for the
vertical autorotative Jescent cond'tion. For these tests, the blades were
attoched to a short wooden piiddle whe22) type of hub arrangement. A few
tests at lower angles of attack nave ‘. diceted that this system does have

gliding capabilities although Low weil it will glide is nil known.
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The coaventionsl rota™, wing is ine helicopter type systea. This
is the configuration for which & vast amourt of perforcance dats are
avzilable, ‘neinding date for gliding flighy and vlared laéﬂings. Tais
is tie «onf gurat.on for which mnst of the tests on stability ir versical
autorotation Jdescent have been conducted No depluyweznt tests have been
conducted. and none are planned.

The foldina and the telesz pira rotarx winns ztre essentialiv E‘,
sace 13 the conventional Totary wiqq;, vul they are interded for 2 more
ompact stn&agc cf the system. () 'vymert tests are planned for both of

these syrtume. TR effects, if any, of the telescopiig jeints o the

foiding hinges on the geriormance is not known. A fce srtatirity sasts
have been ccndu:teﬁ using % foor diamete~ wdels vith telescoping and
foiding type construction. (3lide o5f.)

i woula now 1ixe to discuss some of the sreas of lhis ch=rt for which
data are available. A short film will be presen.ed ne.: wrich shows a
vortex ring pars~tute be'rg depioyed while ‘n free fal: and rotating. .
(Eiiz.) |

Ac you have seen ia the movie, the natachute is very stable with
cscillations of iess than !°. The nex: slide shows th2 variation of t'=
coeficient of drag with the incedence setiing of the individuai blaies
(canopy segments). (Slide.) The drag ccefficeent is based on the total
cloth area of the parachute. The high drag (CD=2-I) obtained with this
particular par;chute woula mean that for a given payload the rate of
dec -t wouid only be 60 percent of what it would be if a conventicnzl
parachute of the scme cloth area were used. (Slide off.)

- A tew preliminary deployment tests of flexalle f2bric blades have

- . been conducted ana have pointed our some of L' ¢ problem areas which wii}
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have t3 be studied and corrected. A short filwm showing one of these
problem areas wilt be shown. This film was taken at aporoximately

Ve, rrames per second and will ve projectad at 24 frare. per second.
Therefor>, the moticns seen are apyrox‘mately €2 times s.~wes than they
artuail; ~wcurred. The dapleyment +* he “lades cakes pla~e ‘n about cne .
Jvaries of a second. The steacdv 573l. .wlion seea afier the deploymenc,
was ta! :n cpproximately 6 soxonus latar. (t is pare of the sa-z tesf.
(Film.) It is believed that the problem illustrated in this film can be
soived wi h a cdntroiied <tiver degloymeat of *the blades. V

Expericnce in the Reco.2ry Systems Sranct ha~ indicated that use of
3 rotary wing recovery system mav .nvolve prdt!ems of dynamic stabilite.
Param=tric- :ests. 3re bdeing conducted at Langley Lo determine how .xich
zffect the varfous parameters have om the stability of a ~~tary wing :n
free vertical autorotation descent. Some of the parzneiers whhich have
heen very briefly examined and have been shown tc have cn €““ect on the
stabiliry of this system are liste! in the following siide. (Slide.)
There are other variables which quite likely et¥ect the stabiliiy slze
such as, solidity ratio, number of Slades, biade weight, tlade incidence
angle, and ﬁayload configuration.

The rext film will illustrate a rigid rotary wirg on 2n apollo type
zapsule i verti=al autorotat.ve descent. The Tirst sequense is an
unstatle configuration. By varying one of the parameters (in this case
hub inertia), tle stadil.ty was increased as seen in the second secrence,
however, it was stiil oniy maci'nally stable. A further modeficzation

produced 2 completely stable conficuration. (Silm.)
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ccnsidering only two varizhles, hub inercia and disk leading. The

results are presented in the next siide. (Slide.)

—

———"nS can be seen from this siide, as the hub inertia is inc-cssed,

the dick loading must also be increas<d tu maintain ctability. 17

some =€ -tne other parameters ate changed, this curve wil! be shifted.

For instance, decreasing th~blade hirge analz will shi-s-252 Curve

downword.
in conclusion, it can br suid that rotary type recovery systess

can be made ‘nherartly steble, can oroduce high drac, fai~ 3% uing

_capzbility, and near zero verticat ==l Lorizoatal sceeds at landing.
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